Primary, secondary and tertiary myotubes in developing skeletal muscle: a new approach to the analysis of human myogenesis.
Monoclonal antibodies to myosins have been used to describe and define the appearance and maturation of 3 different classes of myotube in developing human quadriceps muscle. Five monoclonal antibodies were used: (i) MAb A against human slow myosin heavy chain; (ii) MAb B against a myosin heavy chain present in most adult Type 2 fibres; (iii) MAb C against myosin heavy chain present in all mature and immature Type 2 fibres; (iv) MAb D, with similar reactivity to MAb C; (v) MAb E against human embryonic myosin. The combined use of two of these antibodies (A and B) enables the confident early identification of each of 3 classes (primary, secondary, tertiary) of myotubes, which appear sequentially during myogenesis. Our results show that induction of slow myosin heavy chain synthesis is a biphasic phenomenon in developing human skeletal muscle. Slow myosin heavy chain was present in all the earliest (9 weeks gestation) primary myotubes, but was not detected in secondary or tertiary myotubes until about 29 weeks gestation. Each stage of fetal muscle development has a characteristic immunocytochemical pattern which reveals cellular heterogeneity not evident on myosin ATPase histochemistry. Myosin immunocytochemistry may usefully be applied to assess the gestational age of fetuses. A new interpretation of human skeletal muscle development is proposed, based on the separate programming of 3 different kinds of myotube. This may be important in the analysis of diseased muscle in which developmental abnormalities or regeneration are present.